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Description 

This invention relates to an aqueous pickling agent on the 
basis of sulfuric acid or phosphoric acid and hydrogen fluo- 
ride for stainless steels, which pickling agent is free of 
wetting and emulsifying agents. 

It is common practice to pickle stainless steels with various 
acids or acid mixtures (pickling agents), in order to remove 
corrosion products as well as e.g. layers of scale or tar- 
nishing colors produced during welding. The pickling agents 
may be used as bath pickle or - in particular in the case of 
large parts or a local formation of oxides - as spraying 
pickle or as brush pickle. 

The most important acids or acid mixtures for pickling 
stainless steels are hydrofluoric acid, hydrofluoric 
acid/nitric acid, hydrofluoric acid/sulf uric acid with in 
part considerable additions of iron (III) compounds already in 
the starting phase of the pickling agent. The pickling agents 
in part contain hydrogen peroxide, by means of which the 
iron (II) ions dissolved by the pickling attack are oxidized 
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to form iron (III) ions. Examples for such pickling agents are 
described in WO 87/01 739, DE-A-38 25 857, DE-A-44 17 284, 
EP-A-505 605 and EP-A-596 273. 

The known pickling agents have all kinds of disadvantages. 
One disadvantage frequently is the low pickling rate. Too 
high a pickling rate can also have a disadvantageous effect, 
when cycle times are predetermined in the pickling plants. 
This is true in particular for pickling agents on the basis 
of hydrofluoric acid/nitric acid. Moreover, when using these 
pickling agents with high acid concentrations, vapors which 
are dangerous to health escape from the pickling baths, which 
vapors must be sucked off and be treated in a washing plant. 
Due to the high solubility of the nitrates, processing the 
rinsing and waste waters obtained in the pickling process is 
difficult. Low-concentration pickling agents on the basis of 
hydrofluoric acid/nitric acid in addition suffer from the 
disadvantage that dark mottled metal surfaces are obtained 
and not the actually desired metallically bright metal sur- 
faces. Pickling agents which for adjusting the required redox 
potential have considerable additions of Fe(III) compounds 
already in the starting phase have a deficiency in so far as 
the capacity to absorb Fe(II) and Fe(III) originating from 
the oxide coating of the pickling material is reduced corre- 
sponding to the added amount of Fe(III). 

The processes using pickling agents on the basis of sulfuric 
acid/hydrofluoric acid/hydrogen peroxide, which are employed 
when dipping and for which a certain redox potential should 
be maintained in general, involve a comparatively complex 
procedure, so that they cannot be considered in particular 
for smaller pickling plants. It is furthermore disadvanta- 
geous that the hydrogen peroxide in the pickling agent is de- 
composed relatively easily, and with a small addition of per- 
oxide only a slow dissolution of oxide, i.e. a low pickling 
rate is obtained. 
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Another process consists in a so-called single-bath degreas- 
ing and pickling of articles containing iron or made therof . 
In this process, solutions are employed which contain acids, 
wetting and/or emulsifiying agents as well as aromatic, wa- 
ter-soluble nitro compounds, such as nitrobenzene sulfonate, 
as oxidizing agents (DE-A-25 07 059). The single-bath de- 
greasing and pickling necessarily leads to the introduction 
of oils or fats into the pickling bath, whereby the pickling 
process is influenced in a non-calculable manner. In particu- 
lar, the formation of a uniform pickling pattern is pre- 
vented. The content of wetting and/or emulsifying agents in 
addition renders the processing of the rinsing and waste wa- 
ters obtained in the pickling process more difficult. 

Finally, from the U.S. patent specification 2,698,781 a proc- 
ess referred to as dissolution of metals is known, in which 
aqueous, strong acids containing an aromatic nitro compound 
are employed. In consideration of the examples, this process 
is primarily intended for the treatment of nickel-plated cop- 
per as well as copper and lead. Merely one example describes 
the pickling of stainless steels by means of a pickling bath 
containing sulfuric acid, m-nitrobenzene sulfonic acid and 
hydrofluoric acid, in which the sulfuric acid concentration 
is 200 g/1. However, pickling baths with such a high concen- 
tration of sulfuric acid work comparatively slowly, so that 
the throughput capacity is low. 

It is the object of the invention to provide an aqueous pick- 
ling agent for stainless steels, which does not have the 
known, in particular the aforementioned disadvantages, and 
which can be used in a simple and inexpensive process. 

This object is solved in that the pickling agent as mentioned 
above is formulated in accordance with the invention such 
that it contains (each as 100 wt-% substance) 1.5 to 16 wt-% 
sulfuric acid or 2.0 to 30 wt-% phosphoric acid as well as 
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0.5 to 14 wt-% hydrogen fluoride and 0.5 to 15.5 wt-% acid- 
soluble aromatic nitro compound, to which merely in the 
starting phase an oxidizing agent can be supplied, which oxi- 
dizes iron (II) to form iron (III). 

In principle, the inventive pickling agent used for perform- 
ing the pickling process can also be employed in the starting 
phase without oxidizing agent oxidizing iron (II) to form 
iron(III). For activating the freshly prepared pickling agent 
it may, however, be advantageous to add small amounts of oxi- 
dizing agent, for instance 0.05 wt-% based on peroxide com- 
pounds . 

The inventive pickling agent may be employed as bath pickle, 
as spraying pickle or as brush pickle. 

Since the pickling agent is free of wetting and emulsifying 
agents, care should be taken that the pickling material can 
completely be wetted by the pickling agent. If oil or fat 
residues on the pickling material impair the complete wet- 
tability, a preceding cleaning or degreasing with the usual 
cleaning agents and a thorough rinsing with water should be 
effected before the pickling process. 

In accordance with a particularly preferred aspect of the in- 
vention, a pickling agent is used which in its application as 
bath pickle contains 5.0 to 11 wt-% sulfuric acid or 8.0 to 
20 wt-% phosphoric acid as well as 4.0 to 10 wt-% hydrogen 
fluoride and 4.5 to 11 wt-% acid-soluble aromatic nitro com- 
pound. The pickling agent with the aforementioned concentra- 
tion ranges is characterized by a sufficiently high pickling 
rate, without the base material being attacked. In addition, 
it is particularly inexpensive. 
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In its application as spraying or brush pickle, the pickling 
agent preferably contains 2.5 to 5.5 wt-% magnesium compound 
(calculated as Mg) . 

By adding magnesium in the indicated amounts, the pickling 
agent is converted to a thixotropic gel. This ensures the ap- 
plication of a sufficient amount of the pickling agent re- 
guired for the pickling process. Particularly advantageously, 
the magnesium should be added in metallic form, as magnesium 
oxide, hydroxide , carbonate or sulfate. 

In accordance with a preferred aspect of the invention it is 
therefore provided to use the pickling agent in its applica- 
tion as spraying pickle with a content of 9.5 to 15.5 wt-% 
sulfuric acid or 15.0 to 30.0 wt-% phosphoric acid as well as 
4.0 to 11.0 wt-% hydrogen fluoride, 4.5 to 11.5 wt-% acid- 
soluble aromatic nitro compound and 2.5 to 4.5 wt-% magnesium 
compound (calculated as Mg) . 

In another preferred embodiment of the invention, the pick- 
ling agent in its application as brush pickle contains 12.0 
to 16.0 wt-% sulfuric acid or 18.0 to 30.0 wt-% phosphoric 
acid as well as 4.5 to 12.0 wt-% hydrogen fluoride, 2.5 to 
9.5 wt-% acid-soluble aromatic nitro compound and 3.0 to 5.5 
wt-% magnesium compound (calculated as Mg) . 

Suitable acid-soluble aromatic nitro compounds are those 
which have at least one nitro group and at least one acid 
group, in particular a carboxyl or sulfonic acid group, at 
the benzene ring. It is particularly advantageous to use m- 
nitrobenzenesulfonate and/or 3-nitrophthalate as acid-soluble 
aromatic nitro compound. 

The temperatures at which the inventive pickling agents are 
used differ depending on the application. For the application 
as bath pickle the temperatures are adjusted to a value in 
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the range from 15 to 80 °C. The pickling time is 5 to 90 min, 
depending on the degree of scaling or the oxide coating of 
the pickling material, the shorter pickling times being used 
for the higher pickling temperatures and the longer pickling 
times being used for the lower pickling temperatures. When 
the pickling agent is used as spraying or brush pickle, the 
pickling temperatures generally are predetermined by the ex- 
isting room or ambient temperatures. In general, they lie be- 
tween 15 and 35 °C. The required pickling time is about 15 to 
180 min. 

By means of the inventive pickling agent a simpler and less 
expensive pickling process can be performed. Due to the in- 
tended moderate removal of material achieved with the inven- 
tive pickling agent, bright velvety surfaces are achieved. 
Processing the rinsing and waste waters is easy, as by means 
of e.g. lime milk the pickling agent components can be pre- 
cipitated and separated as hardly soluble calcium compounds. 

The invention will subsequently be explained in detail with 
reference to the following examples. 

Example 1 

To determine the removal of material and the surface quality, 
metallically pure sheets of stainless steel grades 1.4541 and 
1.4462 were treated for one hour at 30°C in the pickling 
agent systems listed in the following Table. The percentages 
are understood to be % by weight. 

The results are listed as regards the removal of material in 
g/m 2 in columns 2 and 3, and as regards the surface quality 
in column 4. 
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No. 


Pickling agent 


Removal of mate- 
rial 


Surface 






1.4541 


1.4462 




1 


15% HN0 3 / 5% HF 


55.8 


27.1 


silvery, 
slightly rough 


2 


7% H 2 S0 4 / 5% HF 


18.9 


6.9 


surface coated 
greyish black 


3 


7% H 2 S0 4 / 5% HF 
1% H 2 0 2 


46.3 


17.6 


silvery, 
slightly rough 


4 


7% H 2 S0 4 / 5% HF 
5% H 2 0 2 


41.1 


16.2 


silvery, 
velvety 


5 


7% H 2 S0 4 / 5% HBF 4 
3% Fe(III) sulfate 


9.2 


0.1 


bright, 

slightly mottled 


6 


7% H 2 S0 4 / 5% HF 
5% m-nitrobenzene 
sulfonic acid 


32.8 


10.8 


bright, velvety 


7 


7% H 2 S0 4 / 5% HF 
5% m-nitrobenzene 
sulfonic acid 
0.05% H 2 0 2 in the 
starting phase 


36.4 


11.2 


bright, velvety 



A comparison of the results shows that - except pickling 
agent no. 4 - only the inventive pickling agents nos. 6 and 7 
provided the desired bright, velvety surface. All the others 
provided slightly rough or mottled surfaces or surfaces 
coated greyish black. The removal of material with pickling 
agents nos. 6 and 7 is comparatively low. 

Example 2 

Two steel sheets each of the stainless steel grades 1.4541 
and 1.4462 with the dimensions 45 x 140 mm and connected by 
TIG welding with a longitudinal seam were dipped into a pick- 
ling agent of 30 °C, which consisted of 
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5 wt-% hydrogen fluoride 
7 sulfuric acid and 

5.4 wt-% m-nitrobenzene sulfonate 

(introduced as Na salt) 
rest water. 

The pairs of sheets were visually inspected in an interval of 
2 min for descaling of the welding seam and removal of tar- 
nishing colors. 

The pair of sheets of the material 1.4511 was clean after 10 
min, the one of the material 1.4462 was clean after 24 min. 

Example 3 

There was formulated a spraying pickle of 

14 wt-% sulfuric acid (96 wt-%) 

19 wt-% hydrofluoric acid (50 wt-%) 

12.1 wt-% MgC0 3 and 

9 wt-% Na-m-nitrobenzene sulfonate 

rest water. 

With a pressure of 6 bar, the clear viscous liquid obtained 
was sprayed onto sheets of steel grade 1.4301, which had a 
manually drawn welding seam. Due to its thixotropy, the film 
obtained in a thickness of 1 to 2 mm did not even flow on 
vertical surfaces. 

After an exposure time of 1 hour, the spraying pickle was 
rinsed off. The welding seam was properly descaled. The en- 
tire sheet surface was uniformly bright and weakly pickled. 



- 9 - 



Example 4 

There was prepared a brush pickle of 

24 wt-% phosphoric acid (85 wt-%) 
14 wt-% hydrofluoric acid (70-wt%) 
6.6 wt-% magnesium oxide, and 
5 wt-% 3-nitrophthalic acid 
rest water. 

A no longer flowable, opaque paste was obtained, which by 
means of a brush was applied onto the welding seam of a sheet 
of stainless steel grade 1.4571 in a thickness of 2 to 3 mm. 

After 2 hours, the pickling paste was rinsed off, and the 
welding seam was sprayed by means of a sharp jet of water. 
The welding seam was bright and blank, the oxide layer com- 
pletely removed, and the base material free of a visible 
pickling attack. 



